Objective To investigate the relations among age at menarche (AAM), menstrual cycle length, menstrual bleeding duration and time to pregnancy in a large cohort of rural Chinese women.
Introduction
At present, rural women in China are increasingly deferring starting a family. As fecundity declines with age, 1,2 the ability to estimate remaining reproductive life spans prospectively increases in importance. Menarche, the onset of menstruation, is recognised as one of the milestones of sexual maturation in women's lives.
however, few studies have examined whether AAM or menstrual cycle characteristics are associated with time to pregnancy (TTP) among rural Chinese women. TTP, defined as the number of months or menstrual cycles taken by a sexually active couple not using birth control methods to conceive, is considered the preferred measure of fertility for epidemiologic studies. 19 Our goal here was to find out whether there were any links among AAM, menstrual cycle length as well as bleeding duration and fertility in a large, prospectively studied cohort of rural Chinese women.
Methods

Population and study design
The study was based on data from the National Free Prepregnancy Checkups (NFPC) in Henan Province between January and December in 2013. NFPC was a populationbased program launched by the Chinese National Health and Family Planning Commission and Ministry of Finance in 2010 to provide free preconception health examinations for married couples who planned to become pregnant in rural areas. Henan Province has the largest farming population in China. 20 It was also one of the first pilot provinces for the NFPC. Through to December 2013, the survey had been conducted in this province with nearly 1.5 million couples in 234 counties. Details of the program have been described elsewhere. [21] [22] [23] In this study, nulliparous women planning to conceive and at a normal reproductive age (20-49 years old) were enrolled. Before enrollment, a written informed consent form was obtained from each participant. The current study was conducted in accordance with the Declaration of Helsinki (2000) of the World Medical Association and the protocols were approved by the Institutional Research Review Board at the National Population and Family Planning Commission (No. 200902). 23 Face-to-face interviews were conducted by trained health workers using a standardised family health questionnaire. The results were then entered in a Web-based electronic data collection system and sent to the national database centre. Demographic characteristics, including age, education level, current occupation, ethnic origin, and residential address were collected. In addition, any pregnancy history, menstrual characteristics and lifestyle patterns were also collected for all participants. Physical and biochemical examinations were also carried out by medical staff at the same time, including measurement of maternal height and weight, blood pressure, and haemoglobin levels. 22 Trained nurses conducted follow-up interviews. If women reported a pregnancy in the follow-up survey, the date of the last menstruation period (LMP) was documented; if women were not pregnant, they were asked about their intentions to become pregnant to ascertain whether they still wanted to become pregnant. The first follow up, which was conducted by telephone within 3 months after the baseline examination, sought to obtain an update on the pregnancy status of the women. If the participant was not pregnant at this interview, repeated 3-month inquiries were made until 1 year after the baseline check-up. The women who became pregnant were asked to come back to the family-planning service agencies or maternal/child care service centres to undergo ultrasonography and have a physician's diagnosis to confirm the pregnancy about 2 months after the LMP.
We excluded the following women: 10 135 (2%) reporting an unknown AAM, menstrual cycle or bleeding duration; 67 172 (13.26%) who reported current irregular cycles; 3902 (0.77%) reporting a height <135 cm or weight >200 kg; and 20 352 (4.02%) who had genital diseases verified by physicians at the baseline examination, for both wives and husbands. In total, we excluded 101 561 of the women, making a study population of 404 854 women, 13 534 who were subsequently initiated fertility treatment or were no longer attempting to get pregnant. Ultimately, 391 320 women were included in the present analyses. Detailed information on the study population recruitment and derivation of the population used in the final analysis are shown in Figure 1 .
Assessment of AAM, menstrual cycle length, and bleeding duration
Data on the AAM were obtained from the baseline interview with questions on menstrual characteristics. The participants were asked: 'How old were you when you had your first menstruation?'. Women who could not provide a specific answer were then asked to provide their school grade at the time of the event. The school grades were further converted to age according to their entrance age of primary school. The AAM data were further grouped as ≤12, 13-14, 15, 16, 17 and ≥18 years. Women also reported whether their cycles were currently regular and what their usual cycle length was by answering the question: 'How many days is it from the first day of one menstrual period to the first day of your next menstrual period?' Cycles were grouped as <25, 25-26, 27-29, 30-31 and >31 days for analysis. Bleeding duration was obtained by asking the question: 'How many days does your period usually flow (bleeding, not spotting)?' and the data were grouped as <4, 4-5, 6, 7 and >7 days.
Assessment of pregnancy and TTP
At each follow-up interview, women reported whether they were currently pregnant and were asked to come back to the clinic to undergo ultrasonic examinations and have a physician's diagnosis to confirm the pregnancy about 2 months after the LMP. Pregnancies confirmed by the diagnosis were classified as clinical pregnancies and others as sub-clinical pregnancies. The start point of a pregnancy was based on the first day of the last menstrual period. Total number of days of waiting time was calculated as the interval between the date of last menstrual period of baseline survey and the date of last menstrual period before conception (pregnant within 1 year) or the most recent follow up (not pregnant within 1 year). The interval was then converted to menstrual cycles. The total number of cycles of exposure to unprotected intercourse was calculated as follows: (date of last menstrual period before conception or the most recent follow-up) À (date of last menstrual period at the baseline survey)/usual menstrual cycle length. For women who became pregnant, one more conception cycle should be added.
Assessment of covariates
We identified potential confounders from a list of variables associated with AAM, menstrual cycle length and bleeding duration based on a review of the relevant literature. [24] [25] [26] [27] [28] [29] The following maternal covariates were included: demography and socio-economic status, such as age, ethnicity, education level and occupation; lifestyle factors, such as smoking habits and alcohol consumption. We inquired about smoking habits using a yes/no question to establish whether the participant was a smoker. We also asked about consumption of alcoholic beverages as a yes/no question. Body mass index (BMI) was calculated as weight (kg)/ height (m) 2 .
Data analysis
At baseline, the proportion of missing data for most covariates was <2% and a few variables had missing data for 2-10% of subjects. We used multiple imputation methods to impute missing covariate values with PROC MI (SAS Institute, Cary, NC, USA). 30 We applied PROC MIA-NALYZE (SAS Institute) to account for the use of imputed data sets. We estimated fecundability ratios (FRs) and 95% confidence intervals for each measure relative to its reference category using a discrete Cox proportional hazards model. 31 An FR <1 corresponds to reduced fecundity among exposed women, relative to unexposed women. Censoring was applied when a participant was lost to follow up or reached the end of the observation period. 32 Kaplan-Meier curves were used to calculate the cumulative probability of pregnancy. 33 We performed analyses mainly using two kinds of models: Model I for all subclinical and clinical pregnancies, and Model II for clinical pregnancies. Crude and adjusted analyses were performed in both models. Stratified adjusted analyses on maternal age and BMI were performed using Model I. SAS 9.3 statistical software (SAS Institute) was used for all analyses. Table 1 shows the demographic as well as lifestyle characteristics of the study population, as reported in the initial interview. The participants were predominantly of Han ethnicity, farmers and with a low education level. Women were aged 20-49 years with a median age of 24 years. Very few women were smokers or drank alcohol. In all, 75.78% wives had a normal BMI according to the classification of World Health Organization. 34 We also summarised the baseline characteristics according to menstrual cycle length in Table 1 . Women with a shorter cycle length were more often older. Among women with a longer cycle length there was a higher frequency of current smokers, alcohol users and abnormal BMI compared with the reference group of 27-29 days.
Results
Age at menarche
The mean AAM was 13.52 years (standard deviation, SD AE 1.09), with over two-thirds (69.55%) reporting menarche at the age of 13 or 14 years. In all, 15.31% of the participants reported menarche at age 12 years or younger and 15.14% reported menarche at age 15 years or older. Crude and adjusted FRs of Model I (subclinical and clinical pregnancies) and Model II (clinical pregnancies) are shown in Table 2 . In Model I, women with an AAM of 15, 16, 17 years old or later were less likely to achieve pregnancy, and the estimated adjusted FRs were 0.96 (95% CI 0.95-0.98), 0.87 (95% CI 0.85-0.89), 0.81 (95% CI 0.77-0.85), 0.73 (95% CI 0.68-0.79), respectively. There was an obvious monotonic, almost linear trend of decreased FR with increasing AAM (P for trend <0.001) using 15 years of age as the starting point. The combined FR for women with an AAM >14 years was 0.93 (95% CI 0.92-0.94). Restricting the analysis to clinical pregnancies (Model II) and adjusting for the other potential predictors of fecundability did not appreciably change the effect of estimates of AAM on the FR: the inverse trend of lower FR with increasing AAM persisted. The adjusted Kaplan-Meier curves of Model I indicated that cumulative pregnancy probabilities in women with an AAM of 13 or 14 years were higher than those in the AAM <13 and AAM >14 groups ( Figure S1 ). Table 3 showed the stratified analyses by maternal age and BMI. The monotonic trend of decreased FR with increasing AAM using 15 years of age as the starting point still existed. In the group of women older than 30 years, most FRs were lower compared with those in non-stratified analyses for all categories. Women older than 30 years and with an AAM of 17 years showed the lowest fecundability (FR = 0.54, 95% CI 0.43-0.68) in the stratified analysis for age. In addition, women who were obese and with an AAM later than 18 years showed the lowest fecundability (FR = 0.64, 95% CI 0.36-1.16) in the stratified analysis for BMI.
Menstrual cycles
The mean cycle length of the participants was 28.53 days (SD AE 2.06); 255 363 (65.26%) women had a cycle length of 27-29 days. The result of Model I using a reference range of 27-29 days indicated that women with cycles >31 days were less likely to become pregnant (FR 0.88; 95% CI 0.85-0.91) after adjusting for the main confounders. The combined FRs for cycles shorter than 27 days and longer than 29 days were 1.00 (95% CI 0.98-1.01) and 0.91 (95% CI 0.90-0.92), respectively. Both Model I and Model II suggested a similar effect between menstrual cycles and FR ( Table 2 ). The adjusted KaplanMeier curves of discrete survival analyses (Model I) indicated that cumulative pregnancy probabilities in women with cycles of 27-29 days were slightly higher than in those with shorter or longer cycles ( Figure S2 ).
Women older than 30 years and with cycle lengths of 30-31 days or longer than 31 days were less likely to become pregnant, with FR estimates of 0.79 (95% CI 0.76-0.83) and 0.83 (95% CI 0.72-0.95), respectively. The associations were further strengthened in obese women. Women who were obese and who had a cycle length longer than 31 days showed the lowest fecundability (FR = 0.62, 95% CI 0.5-0.74) in the stratified analysis for BMI (Table 3) .
Bleeding duration
The Restricting the analysis to clinical pregnancies (Model II) and adjusting for the other potential confounders did not appreciably change the effect estimates of bleeding duration on FR ( Table 2 ). The adjusted KaplanMeier curves of discrete survival analyses (Model I) indicated that cumulative pregnancy probabilities in women with 4-or 5-day bleeding were higher than in those with <4 days or >5 days bleeding duration ( Figure S3 ). Table 3 showed the stratified analyses by maternal age and BMI. The lowest FR occurred in women older than 30 years and with bleeding duration longer than 7 days (FR = 0.52; 95% CI 0.38-0.72). Besides, in the group of women with BMI ≥ 30, FRs were lower compared with those in the non-stratified analyses for all comparisons. Women who were obese and with bleeding duration longer than 7 days showed the lowest fecundability (FR = 0.53; 95% CI 0.35-0.81) in the stratified analysis for BMI.
Discussion
Main findings
This is the first large prospective cohort study examining how age at menarche, menstrual cycle length and bleeding duration characteristics are associated with fecundity in rural China. Women with a late AAM, longer cycle length, both shorter (<4 days) and longer (>5 days) bleeding duration had lower FRs.
Our results of AAM and fertility are consistent with both retrospective and prospective studies, 14, 18, 35 which indicated that a later AAM of >15 years was associated with an increased risk of infertility. Wise et al. indicated that women with an AAM later than 15 years showed lower fecundability (FR 0.88; 95% CI 0.74-1.05). The obvious monotonic, almost linear trend for an increased prevalence of infertility with increasing age of menarche was also found in retrospective studies in Danish and China. Our finding that longer cycles were associated with delayed TTP agrees with previous prospective and retrospective studies. In prospective studies, Small et al. 16 indicated that women with a cycle length >31 days showed lower fecundability (FR 0.71; 95% CI 0.43-1.16). In addition, a retrospective study by Jensen et al. 17 found lower fecundability after cycles of >35 days (FR 0.74; 95% CI 0.70-0.87). The results of the bleeding duration and FR analysis in this study suggest that women with 4-5 days of menstrual bleeding had the highest fecundability and that those with long bleeding durations (>7 days) showed the lowest. This is consistent with a study by Small et al. 16 showing that long bleeding times (>7 days) were associated with lower fertility. However, results are difficult to compare across studies because Table 3 . Stratified analysis of age at menarche (AAM), menstrual cycle length, bleeding duration and Time to Pregnancy on maternal age and body mass index of wide variations in how the duration of menses was categorised.
Strengths and limitations
As with other prospective cohort studies, the fecundity in our population was lower than in retrospective studies. 16, 33 In all, 9367 (2.42%) of the women had ever used contraceptive methods at the baseline checkup; most of the participants had already tried to become pregnant before entering the study. Some of them entered the study after several months of unprotected intercourse without achieving a pregnancy, and might have had impaired fertility. 16 We have no information on the number of cycles women had tried to conceive before baseline examination. However, we have performed a retrospective subsurvey on the number of the months that the women had tried to conceive before baseline in local family planning service stations; the result showed that most women (97.4%) had started unprotected intercourse for <6 months before enrolment. The median time was 1.07 months. Therefore, we use the time of enrolment to estimate the starting time of trying to conceive. However, this will inevitably underestimate the time to pregnancy of the population and is the main limitation of this study.
We did not collect the changes of menstrual cycle characteristics on questionnaires at each follow-up visit. A bias for time to pregnancy may be raised if no accurate menstrual cycle characteristics were collected, as the menstrual cycle patterns or bleeding duration may change during the follow-up visits. Here, age at menarche was estimated retrospectively, which might have involved recall bias. However, Guldbrandsen et al. found no evidence for such bias in these kinds of data, and no systematic differences in the recalled age of menarche were seen when they analysed the samples in their study. 18 Our estimate of AAM (13.52 years) in this cohort seems to be later than in Western countries, for example Denmark (13.3 years), 18 Italy (12.4 years), 36 USA (12.3 years for black girls and 12.6 years for white girls) 37 and the UK (12.5 years). 38 However, it was within the range of a large survey on the AAM of adolescents in rural China (13.26-13.73 years), 39 which supports the validity of our data. The current study was performed within an existing cohort study and we adjusted for some potential confounders. However, the possibility that the observed associations arose partly from unmeasured confounders cannot be excluded. We had no information of the frequency of intercourse, ovulation monitoring, timing of exercise or nutritional status. However, Axmon et al. 24 suggested that the frequency of intercourse might partly be considered an effect of certain lifestyle factors, such as stress and working hours, and thus an intermediate effect rather than a biological background was among the determinants. Therefore, lack of information on the frequency of sexual intercourse should not pose a problem for this study.
Most recent studies have considered TTP as the preferred measure of fertility for epidemiological studies, and a longer TTP was considered to indicate lower fertility. 15, [17] [18] [19] However, most TTP studies have collected data retrospectively using self-administered questionnaires, 18, 35 e.g. asking participants questions such as: 'For how long did you try to become pregnant before you succeeded?' The answers were categorised according to several time spans. In addition, most studies of this kind have excluded women who have never conceived and this selection bias will inevitably lower their internal and external validity. 24 However, our prospective study was based on a large cohort and detailed information regarding lifestyle and other confounding variables were collected at the baseline check-up. Cohort retention in our study was higher than 85% (January-December 2013), similar to that of other prospective cohort studies, and no major differences in baseline characteristics were found between women who completed the study and those who were lost to follow up.
Interpretation
There are several possible explanations for the association between AAM, cycle length and TTP, but the specific mechanisms remain unclear. The occurrence of menarche may be linked to the size of the ovarian follicular pool and/or the speed of follicle recruitment, which in turn is predictive of a diminished functional ovarian reserve later in life. 40 Some studies have shown an inverse relation between the levels of anti-M€ ullerian hormone (AMH) and age of menarche among young women. 41, 42 AMH is a marker of ovarian reserve and is produced by preantral and small antral follicles. A late menarche appeared to be associated with lower levels of AMH, which might indicate a smaller ovarian reserve among girls reaching maturity at an older age. 43 The mechanistic linkage between prolonged menstrual cycle length and decreased fertility has been proposed recently. Greb et al. 44 indicated that about 20% of women are homozygous for a single-nucleotide polymorphism in exon 10 of the follicle stimulating hormone (FSH) receptor, leading to higher ovarian threshold to FSH, and decreased negative feedback of luteal secretions to the pituitary during the intercycle transition and longer menstrual cycles. However, studies on underlying hormonal basis for bleeding duration patterns are rare. Long bleeding durations are associated with anovulatory cycles, 45 possibly explaining the lower fecundity after bleeds of >7 days.
Conclusion
In summary, our study indicated that a later AAM, longer menstrual cycles, both shorter (<4 days) and longer (>5 days) bleeding episodes were associated with a lower FR and a longer TTP in these rural Chinese women. Age at menarche, menstrual cycle lengths and bleeding durations should be considered important factors when researching the fecundability of reproductiveage women. Further studies collecting more relevant information are warranted.
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